Objective: to examine the effects of nurse-led, problem-solving therapy (PST) on coping, self-efficacy and depressive symptoms for patients with chronic obstructive pulmonary disease (COPD) using a randomised controlled trial. Subjects: a total of 254 patients with COPD were recruited, screened and randomly allocated into the intervention group with nurse-led PST or the comparison group with usual care. A total of 151 patients (intervention = 78 and comparison = 73) completed the study for 6 months. Methods: the nurse-led PST was an individualised and patient-centred intervention to improve patients' problem-solving skills related to symptom management and lifestyle modification. Twelve telephone-based PST sessions were provided to the intervention group, while the control group received usual care from their primary care providers. Results: there were no group differences of post-test scores in problem-oriented coping, self-efficacy and depressive symptoms between the two groups. However, despite the lack of group differences, the nurse-led PST was effective for clinically depressed patients with COPD, who experienced decreased depressive symptoms (mean difference = 6.8, P = 0.009) and increased self-efficacy (mean difference = −0.6, P = 0.041) in the intervention group (n = 12). Conclusion: the nurse-led PST offered to patients with COPD did not demonstrate any different effects compared with usual care over 6 months; however, a subgroup analysis with clinically depressed subjects showed improved self-efficacy and decreased depressive symptoms in the intervention group.
Introduction
Approximately 40% of patients with chronic obstructive pulmonary disease (COPD) experience depressive symptoms [1] . Depressive symptoms in patients with COPD tend to negatively affect their functional health and to decrease their health-related quality of life [2] . Patients with higher levels of depressive symptom are more likely to experience far worse COPD symptoms, more hospital admission days and higher mortality [2, 3] . Therefore, to achieve better health outcomes in patients with COPD, depressive symptoms need to be carefully assessed and effectively treated [4] . To manage depressive symptoms for patients with COPD, pulmonary rehabilitation programmes [5] and self-management programmes [6] have been widely used; however, it was unclear which components are effective or how these programmes work to alleviate depression.
Problem-solving therapy (PST) is a cognitive-behavioural intervention that trains patients to employ problem-solving attitudes and skills, and it has been shown to be an effective intervention in managing depressive symptoms for a variety of populations [7] . Although PST is known to be an effective strategy to decrease depressive symptoms and enhance selfefficacy for patients with chronic diseases such as diabetes [8] , its effectiveness has not been examined in patients with COPD.
A recent study with patients with COPD revealed that patients who used more problem-oriented coping strategies were less depressed by mediating the relationship between the personal resources and depressive symptoms. Also, higher selfefficacy was directly associated with fewer depressive symptoms [9] . Given the significant roles of constructive coping strategies and self-efficacy in managing depressive symptoms, this intervention study was designed to examine the effectiveness of PST to decrease depressive symptoms for patients with COPD. The three hypotheses were as follows: PST may have effects on (i) increasing problem-oriented coping skills, (ii) increasing self-efficacy and (iii) decreasing depressive symptoms for patients with COPD. Coping and self-efficacy were the intermediate outcomes influencing depressive symptoms, and the main outcome of this study was depressive symptoms.
Methods Participants
This study was conducted with patients from three outpatient clinics at a university-affiliated medical centre and two respiratory clinics in South Korea from 2010 to 2011. A total of 791 patients were assessed for eligibility. Inclusion criteria were patients who were (i) 40-80 years of age, (ii) diagnosed with COPD by a physician based on a pulmonary function test and (iii) in stable condition and expected to live ≥6 months as determined by a physician who specialised in respiratory medicine. Pulmonary function was tested based on the guidelines by the American Thoracic Society [10] using the Vmax 22 system (SensorMedics, Yorba Linda, CA, USA) and the Ultima PFX system (Medical Graphics Corporation, St Paul, MN, USA). The forced expiratory volume (FEV) 1 % predicted was used to assess the severity of COPD. Exclusion criteria were patients who had (i) severe co-morbid conditions that interfered with walking and (ii) communication difficulties due to hearing loss or illiteracy.
A previous meta-analysis study indicated that the mean effect size of PST for depression was 0.40 [11] , so a target sample of 100 patients per group was sufficient power (1 -β = 0.80) at a two-tail α = 0.05. However, we overrecruited patients by 25% considering the potential dropouts, so we set the target sample size at 250. Screening yielded 254 recruited patients who were randomly assigned to two groups, with 151 patients completing the study (Figure 1 ). All participants were informed of the study protocols, and written informed consent was obtained. Approval was obtained from the Institutional Review Boards (IRBs) of the three university hospitals. In the two respiratory clinics without an IRB, we received permission to conduct the study from the directors of the hospitals.
Intervention
In this study, the PST programme was developed to improve the patients' appraisal of problems as challenges or opportunities for benefit and to help patients believe that problems are solvable within their ability. However, the modality of PST in this study differed from other PST studies. In the current study design included (i) telephone-based counselling considering the physical condition of the COPD patients and the cost-effectiveness of such intervention [12] , and (ii) PST led by a trained nurse as the primary interventionist. A registered nurse who had ≥3 years of clinical experience in internal medicine was chosen as the primary interventionist. The nurse attended a 16-h course on the problem-solving counselling, which was approved by the Problem-Solving Counseling Research Center in Korea. She also completed 40 h of training to obtain full knowledge of COPD symptom management and the intervention protocols.
The nurse provided the individualised intervention through 12 telephone sessions per patient with an interval of every 2 weeks over 6 months. The initial session was a maximum of 60 min, and each of the following sessions was a maximum of 30 min [13] . All telephone counselling sessions were recorded, and the research team including another research nurse and the principal investigator reviewed the interviews every 10th case monitoring competency of the nurse as the interventionist and to ensure adequate and consistent delivery of the PST with the protocol. The nurse also kept a case management diary log to maintain consistency of the intervention. The detailed protocol of the nurse-led PST is provided in the Supplementary data, Appendix available in Age and Ageing online.
The patients in the comparison group received usual care from their physicians. To ensure that usual care was delivered, the physicians taking care of these study participants were not informed of which patients were in the intervention group or comparison group.
Measurements
Coping was measured using the Jalowiec Coping Scale ( JCS) [14] . The JCS included two subscales: problem-oriented and emotion-oriented coping, but we only used the subscale of problem-oriented coping (15 items) in this study. The items assessed tendencies that constructively deal with stressors using a 5-point scale ranging from 1 to 5. Higher scores indicated more frequent use of a particular coping strategy. The Cronbach's α of the JCS was 0.88.
Self-efficacy was measured using the COPD Self-Efficacy Scale (CSES), which assesses one's confidence in managing breathing difficulties in a variety of situations [15] . The CSES consists of 34 items with a 5-point scale. We used the mean score of these 34 items ranging from 0 to 5. Higher scores indicated higher self-efficacy in dealing with dyspnoea. The Cronbach's α of the CSES was 0.96.
Depressive symptoms were measured with the CES-D developed by Radloff [16] . The previously developed Korean version of the CES-D consists of 20 items with a 4-point scale ranging from 0 to 3. The total scores for depressive symptoms ranged from 0 to 60, with higher scores indicating higher levels of depressive symptoms [17] . A cut-off score of 16 has been used to indicate depressive symptoms [16] , but we used a cut-off scores of 24 for Koreans as suggested by Shin considering the cultural differences [17] . The reliability of CES-D was 0.86.
Data analysis
PASW 18.0 (SPSS Inc., Chicago, IL, USA) was used for data analysis. Levene's test was used to assess the homogeneity of three outcome variables at baseline between the groups. A paired t-test was conducted to examine the difference of the means between pre-and post-test scores in each group. To examine the intervention effect by group, regression analysis was utilised using post-test scores as the dependent variable and the group as the independent variable controlling for pre-test scores.
Results

Baseline characteristics
The mean age was 66.1 years (SD = 8.2). Most participants were male (91.4%) and married (84.8%). The mean number of years since being diagnosed with COPD was 7.3 years (SD = 8.6), and the mean FEV 1 % predicted was 61.2%. The demographic characteristics, self-efficacy and depressive symptoms of participants between the two groups were comparable at baseline. However, problem-oriented coping had group differences with higher levels of coping in the control group (P = 0.025) ( Table 1) . Table 2 shows the means of the pre-and post-tests of the two groups. There were no group differences between the pre-and post-tests on problem-oriented coping (P = 0.212), self-efficacy (P = 0.230) and depressive symptoms (P = 0.283). Participants in both groups tended to show decreased problem-oriented coping, decreased self-efficacy and increased depressive symptoms at the post-test compared with the pre-test, but they were not statistically significant by group.
Effects of the intervention
We did further analysis with subjects who were clinically depressed (CES-D ≥ 24, n = 25). There were no significant group differences in the general characteristics and main outcomes at baseline (not shown in the table). However, the participants in the intervention group reported increased self-efficacy (mean difference = −0.6, P = 0.041) and decreased depressive symptoms (mean difference = 6.8, P = 0.009) despite no group difference.
Discussion
PST is intended to encourage patients to adopt a positive problem orientation and apply a rational problem-solving approach, which plays a significant moderating or mediating role on the relationship between stressful events and depression [11] . Although PST has been found to be effective for diabetic patients' self-efficacy and depression [8] , the nurse-led PST intervention in this study was not efficacious on coping, selfefficacy and depressive symptoms for patients with COPD.
One of the reasons we could not detect an intervention effect may be that the participants had fewer depressed symptoms at baseline than participants in other studies. PST has been primarily used for patients with depression and has been as effective as medications or psychosocial therapy and more effective than support/attention groups [11] . However, the participants in this study were relatively less depressed indicating that the mean of the baseline depressed symptoms was only 14.2 out of 60; and only 25 out of the 151 participants were clinically depressed (CES-D ≥ 24). Although caution should be taken when interpreting a finding from a subgroup analysis, PST in this study was partially effective for the patients who were clinically depressed. Considering that depressive symptoms are often underestimated and undertreated in patients with COPD [18] and they are reluctant to use anti-depressants [19] , this study might provide information about more specific target population of patients with COPD who experience the most effectiveness from the PST. Further studies are needed to examine this hypothesis.
Another consideration for the non-significant findings is that the subjects had relatively high levels of self-efficacy at baseline. While the scores of self-efficacy for patients with COPD ranged from 1.6 out of 5 at baseline in one study [20] , this study shows that the mean baseline COPD selfefficacy score was relatively high indicating 3.3 for all participants and 2.7 for the clinically depressed group. As Table 1 indicates, 67.5% of the study subjects had relatively low symptom severity at baseline, from mild to moderate, which may indicate that the subjects in this study were likely to be stable in terms of symptom management. Because high levels of self-efficacy at baseline might influence the ceiling effect preventing researchers' ability to sensitively recognise the intervention effects, further studies with a wider variety of participants in terms of symptom severity are needed to capture the effectiveness of the intervention more accurately. The short period of time between pre-and post-tests might be another source of the inconsistent findings. A meta-analysis of the use of PST for depression revealed long-term effects indicating that a medium effect size was found at follow-up time points after post-treatment, while only small-to-medium effect existed at the time of posttreatment [11] . However, since this study only measured post-treatment at 6 months without additional follow-ups or boosters, it was not possible to compare follow-up results to claim the potential long-term effects.
Regarding the 6-month period of measurements between the pre-and post-test, a seasonal effect might be related to the non-significant findings on the effects of PST. The effect of seasonality of exacerbations of COPD was recently verified in clinical research. Exacerbations of COPD are twice likely to occur in winter than in summer regardless of the baseline characteristics [21] , which may be affected by susceptibility to infections [22] or physiological effects of weather [23] . The baseline data were collected between March and September, and post-test data were collected between September and February in this study. At the group level, the seasonal effect might be equal between the two groups, indicating no differences in the frequency of unplanned clinic visits, ER visits or hospital admissions. However, some participants went through the winter during the study period while others did not, and it is unclear whether more frequent symptom exacerbation in winter influenced individuals' outcomes negatively or positively. Considering that the different experiences might influence individuals' responses and outcomes at the individual level, longitudinal studies over 1 year are necessary to capture more accurate intervention effects to control for any potential seasonal effect.
This study provided PST intervention by telephone. The PST using Skype video calls has been reported to be efficacious for depressed home-bound older adults, and it was a cost-effective mode for PST compared with conducting sessions in-person [24] . However, the environment and situation in which the participants received the PST telephone counselling in this study could not be controlled. Sometimes the research nurse noticed that a participant was easily distracted during the telephone intervention when he/she had company, which might hinder the uptake of intervention by the study subjects. To increase the effectiveness of PST, combining devices such as videophones or Internet-based modules may be beneficial for patients with COPD in Korea, given that the intervention studies using telehealth [24, 25] or Internet-based treatments [26] have been identified as being effective for patients with depression in Western countries.
Limitations
A possible limitation of this study is that the majority of the participants were male (91%) and were from three tertiary hospitals where patients were likely to receive an optimal level of care with well-managed COPD. This gender distribution is very different from the near-equal prevalence of COPD in men and women [9] . Post-test scores were tested by the group difference (intervention versus comparison) controlling for pre-test scores using regression analysis; higher scores of problem-oriented coping indicate more use of each coping strategy, higher scores of self-efficacy indicate more confidence in managing COPD symptoms and higher scores of depressive symptoms indicate more depressed status; CI = confidence interval at 95%.
appropriate gender distribution, patients who are receiving less favourable healthcare services and patients from a broader geographical area may reveal more distinct impacts of PST. Second, this study had a high-dropout rate (41%).
Patients with more severe COPD symptoms, older age and more limited mobility tended to dropout throughout this study [27] . (More detailed information on dropouts in this study can be found in Ref. [27] .) The percentage of dropouts of this study (41%) was relatively higher than randomised controlled trial (RCT) studies examining a comparable intervention, pulmonary rehabilitation programmes, in two studies with dropout rates of 31% [28] and 23% [29] . The longer period of intervention in this study inherently might result in a higher dropout rate: 6 months in this study versus 7 weeks and 10 weeks, respectively, in previous studies [28, 29] . Developing strategies to retain patients should be pursued in future studies.
Conclusion
This study demonstrated that the nurse-led PST intervention did not have a significant effect on Korean patients with COPD on coping, self-efficacy and depressive symptoms. However, a subgroup analysis revealed that the PST decreased depressive symptoms and increased self-efficacy for the clinically depressed patients with COPD. This finding should be interpreted cautiously due to the small sample with post hoc analysis. Further RCT studies with diverse study participants in terms of gender and region and an extended follow-up period are recommended to obtain clear evidence of the effects of nurse-led PST for patients with COPD.
Key points
• PST is known to be an effective intervention for managing depressive symptoms in a variety of populations.
• The nurse-led PST for COPD patients did not demonstrate effectiveness compared with usual care over 6 months.
• A subgroup analysis with clinically depressed subjects with COPD showed improved self-efficacy and decreased depressive symptoms. 
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